Introduction
============

Pulmonary surfactant is secreted as lamellar bodies from type II pneumocytes to reduce surface tension at the air--liquid interface. Over 90% of pulmonary surfactant is lipid, whereas the remainder is composed of plasma proteins and the surfactant proteins (SPs) A, B, C, and D. SPs are hydrophilic proteins actively involved in the innate immune response to inhaled pathogens. SPs are part of the collectin family of proteins secreted at several epithelial surfaces in the body.[@JR0220or-1]

SP-A, hydrophilic sialoglycoprotein, exhibits antimicrobial properties and interacts with a variety of respiratory tract pathogens that have related molecular structures, called pathogen-associated molecular patterns (PAMP). PAMPs differ little from one pathogen to another but are not found in the host.[@JR0220or-2] SP-A bind PAMPs located on microbial membranes via their calcium-dependent carbohydrate-binding domains. Independent of direct binding to pathogens, SP-A also interacts directly with dendritic cells, modulates subsequent T-cell responses, optimizes leukocyte function and chemotaxis, modifies subsequent cytokine/chemokine profiles, and activates complement. Thus, these proteins are crucial in the initial interaction, recognition, processing, and subsequent adaptive immune response for a wide variety of inhaled pathogens and allergens.[@JR0220or-3] Human SP-A is encoded by two genes, SP-A1 and SP-A2.[@JR0220or-2]

Bronchoalveolar lavage specimens from patients with chronic bronchial asthma or pneumocystis pneumonia have demonstrated increased SP-A.[@JR0220or-3] SP-A expression has also been assessed in the sinonasal mucosa. In a semiquantitative study, Dutton et al found elevated SP-A in the mucosa of rabbits with intercurrent sinusitis or antibiotic-treated sinusitis compared with pathogen-free animals.[@JR0220or-4]

Diseases of the sinonasal system, specifically chronic rhinosinusitis (CRS), are often associated with pulmonary system diseases. Asthma sensitive to the ingestion of aspirin may be associated with nasal polyps. Allergic fungal rhinosinusitis in the upper airway could be associated with allergic bronchopulmonary aspergillosis.[@JR0220or-5] Patients with cystic fibrosis invariably develop CRS in addition to their debilitating pulmonary disease. These are attributed to similar mechanisms of inspissated mucus, impaired mucociliary clearance, and persistent bacterial infections and inflammation. Moreover, the lungs and the paranasal sinuses share contact with inhaled pathogens and include many of the same epithelial properties.[@JR0220or-6]

SPs appear to have an important function in immunologic and rheological process of the nasal mucosa and support the therapeutic use of liposomal nasal sprays.[@JR0220or-7]

The aim of this study was to investigate whether SP-A is present in sinonasal mucosa and compare expression in distinct types of chronic rhinitis \[CRS and primary atrophic rhinitis (PAR)\] versus healthy control mucosa.

Materials and Methods
=====================

This study was performed from February 2011 to September 2014. Informed written consent was obtained from included subjects, and the Institutional Review Board approved the study. The subjects were divided into three groups; the first group included 30 patients with persistent bacterial CRS despite appropriate medical treatment and scheduled for endoscopic sinus surgery. Diagnosis of CRS depended on Meltzer et al criteria of symptoms that persist more than 12 weeks. Sinus mucosa was biopsied during the course of endoscopic sinus surgery.[@JR0220or-8]

The second group included 30 patients with PAR randomly selected from the outpatient clinic. Diagnosis of atrophic rhinitis followed Ly et al diagnostic criteria for atrophic rhinitis with two or more clinical features such as recurrent epistaxis, episodic anosmia, physician-documented nasal purulence, or nasal crusting for ≥6 months with atrophied inferior turbinate with no detected cause.[@JR0220or-9] Cases known to be secondary atrophic rhinitis and patients with history of nasal trauma, sinonasal surgery, granulomatous disease, or radiation to the sinonasal area were excluded. Nasal mucosal biopsies were taken from inferior turbinate under local anesthesia.

The third group included 20 normal controls; nasal mucosal biopsies were obtained from these subjects undergoing surgery for other reasons other than CRS such as rhinoplasty (10 cases from normal inferior turbinate mucosa) and zygomaticomaxillary fractures (10 cases from normal maxillary sinus mucosa).

Immunohistochemical staining for SP-A and polymerase chain reaction (PCR) amplification of SP-A messenger RNA were performed on resected nasal tissues.

Immunohistochemical Analysis
----------------------------

Biopsy specimens were washed three times with iced phosphate-buffered saline for 5 minutes to remove any exogenous SP-A that may have migrated from the lower airways. After thawing to −20°C and overnight decalcification, followed by fixation in 4% paraformaldehyde, 4-μm-thick sections were cut from paraffin blocks containing representative tissue samples. Paraffin sections were dewaxed in xylene, rehydrated through a graded alcohol series, placed in 10 mmol/L of citrate buffer, and submitted to heat retrieval using a vapor lock for 40 minutes. After heating, the slides were allowed to cool to room temperature and briefly washed with Tris (hydroxymethyl) amino methane-buffered saline. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide in methanol for 5 minutes. Normal serum (Novo stain Super ABC kit, Novocastra, Newcastle upon Tyne, England) was used for 30 minutes to block nonspecific immunostaining. Immunohistochemical staining was performed using a standard avidin-biotin peroxidase system (Novo stain Super ABC kit). The monoclonal antibody SP-A (isotype; immunoglobulin \[Ig\]G2a purchased from Abcam) were used in concentration of 1/200. Two slides for SP-A antibodies and isotypic control (mouse monoclonal IgG2a as negative control) were incubated overnight at room temperature. Following washing in phosphate-buffered saline, biotinylated universal secondary antibody (Novo stain Super ABC kit) was applied for 30 minutes. The sections then were incubated with the avidin-biotin complex reagent (Novo stain Super ABC kit) for 30 minutes and developed with 3, 3-diaminobenzidine tetrahydrochloride in phosphate-buffered saline (pH 7.5) containing 0.036% hydrogen peroxide for 5 minutes. Light Mayer hematoxylin was applied as a counterstain. The slides then were dehydrated in a series of ethanol and mounted with permount. Cytoplasmic or membranous staining was considered as positive. Two negative control sections were used in each case; one was incubated with the secondary antibody only, the other with the primary antibody only. Sections of human lung stained with anti SP-A antibodies were used for positive control. Cells were considered positive for anti SP-A antibodies when at least 10% of cells show diffuse cytoplasmic or membranous staining.

Quantitative Reverse-Transcriptase Polymerase Chain Reaction
------------------------------------------------------------

Total RNA purification was performed on all specimens (using an Aurum Total RNA Mini Prep-Kit; Bio-Rad, Hercules, California, United States), including a DNase 1 digest, according to the manufacturer\'s instructions. Reverse transcriptase PCR was performed on a portion of the purified RNA for each specimen to create complementary DNA (cDNA) libraries using the iScript cDNA Synthesis Kit (Bio-Rad) under the following conditions in a conventional thermocycler: 5 minutes at 25°C, 30 minutes at 42°C, and 5 minutes at 85°C.

Quantitative Polymerase Chain Reaction
--------------------------------------

Intron-exon spanning SP-A primers were used in the quantitative PCR amplification reactions with the following design: 5′-AAGCCACACTCCACGACTTTAGA-3′ and 5′-GCCCATTGCTGGAGAAGACCT- 3′ (Integrated DNA Technology Inc., Coralville, Iowa, United States). Commercially available \_-actin primers for the amplification of the housekeeping gene were used: 5-TCATGAAGTGTGACGTTGACATCCGT-3 and 5′-CTTAGAAGCATTTGCGGTGCACGATG-3 (Promega, Madison, Wisconsin, United States). In a quantitative PCR detection system (My iQ Thermal Cycler; Bio-Rad), 96-well reaction plates were used to perform real-time, quantitative PCR with the sample wells containing the following: 25 μL 2\_ Supermix with SYBR green (a fluorescent double-stranded DNA-binding reporter molecule), 1 μL each of SP-A primer (100 ng/μL) or \_-actin primers (100 pmol/μL) for control wells, a 1-μL sample complementary DNA, and 22 μL of nuclease-free water. After an initial activation step at 95°C for 3 minutes, amplification was performed across 45 cycles with the following parameters: denaturation for 30 seconds at 95°C, annealing for 20 seconds at 58°C, and elongation for 30 seconds at 72°C. Digital capture of SYBR green fluorescence was performed during the annealing phase for threshold cycle assessment. The threshold cycle values were automatically stored in an output file, and these were analyzed to determine relative starting messenger RNA (mRNA) concentrations according to the 2-\_\_threshold cycle method16 using a proprietary macro (Bio-Rad) with Excel 2003 XT (Microsoft Corp., Redmond, Washington, United States). A melt-curve analysis confirmed specimen uniformity and estimated product size in each sample well in the 96-well plate. The following protocol was programmed into the My iQ Thermal Cycler (Bio-Rad) to produce the melt curves for each sample well after amplification using SYBR green as the reporter: 1 minute at 95°C, 1 minute at 55°C, and 10 seconds at 55°C for 80 cycles. Finally, to verify PCR product sequence, random samples were prepared and sequenced by the Vanderbilt University (Nashville, Tennessee, United States) DNA sequencing core laboratory. Data were compared with the human genome via BLAST downloadable software (<http://www.ncbi.nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=9606>).

Statistical Analysis
--------------------

Statistical analyses were performed using SPSS 14.0 statistical software for Windows (SPSS Inc., Chicago, Illinois, United States). The significance level was set at *p* \< 0.05. Quantitative data (age and quantitative PCR) in patient and control groups were registered and compared using *t* test, and sex differences between the three groups were analyzed by chi-square test.

Results
=======

Eighty subjects were included in current study: 30 patients with CRS, 30 with PAR, and 20 controls. The mean age ( ± standard deviation) was 37 ( ± 14.2) years. The three groups were matched for sex (*p* = 0.84, chi-square = 0.341) and sex as nonsignificant differences in age between CRS and controls (*p* = 0.64, *t* = 0.47), and nonsignificant differences between PAR and controls (*p* = 0.97, *t* = 0.035) were reported ([Table 1](#TB0220or-1){ref-type="table"}). There was strong positive staining in the nasal mucosa and submucosa in CRS, as shown in [Fig. 1](#FI0220or-1){ref-type="fig"}. This indicates that SP-A is secreted by nasal epithelium and glandular epithelium. Faint staining for SP-A was detected in biopsies of control specimens as shown in [Fig. 2](#FI0220or-2){ref-type="fig"}, and staining for SP-A was not detected in biopsies of patients with atrophic rhinitis ([Fig. 3](#FI0220or-3){ref-type="fig"}). As a negative staining control, sections were incubated with nonimmune rabbit serum instead of SP-A antibody, resulting in loss of staining.

![Photomicrograph of chronic rhinosinusitis showing strong cytoplasmic immunostaining of surfactant protein-A in both nasal mucosa (A) and submucosal glands (B). Hematoxylin counterstain × 400.](10-1055-s-0035-1546432-i0220or-1){#FI0220or-1}

![(A) Photomicrograph showing faint immunostaining of surfactant protein A (SP-A) in human nasal mucosa and submucosa of the control group; hematoxylin counterstain × 400. (B) Photomicrograph of atrophic rhinitis showing negative immunostaining for surfactant protein-A (SP-A) in human nasal mucosa and submucosa; hematoxylin.](10-1055-s-0035-1546432-i0220or-2){#FI0220or-2}

![Photomicrograph showing negative control with negative immunostaining for surfactant protein-A (SP-A) in nasal mucosa (A) and submucosa (B). Hematoxylin counterstain × 400.](10-1055-s-0035-1546432-i0220or-3){#FI0220or-3}

###### Age and sex of the patients (CRS, PAR) and control (Healthy) groups

  ----------------------------------------------------------------------------------------------------------------------------------------------------------
  Subjects   CRS           PAR          Controls     P value                                               
  ---------- ------------- ------------ ------------ ----------------------------------------- ----- ----- -------------------------------------------------
  Sex                                                                                                      

   Male      18            60           16           53.3                                      12\   60\   **0.84** [a](#FN0220or-2){ref-type="table-fn"}\
                                                                                               8     40    **NS**

   Female    12            40           14           46.7                                                  

  Age        29.5 ± 10.1   28.3 ± 9.7   29.6 ± 9.6   NS[b](#FN0220or-3){ref-type="table-fn"}               
  ----------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: CRS, chronic rhinosinusitis; PAR, primary atrophic rhinitis; NS, not significant.

Chi-square test.

Differences between CRS and healthy (*p* = 0.64, *t* = 0.47) and differences between PAR and healthy (*p* = 0.97, *t* = 0.035).

Quantitative PCR (reported as ΔCT ± standard deviation) showed highly significantly increased levels of SP-A (4.69 ± 2.7) mRNA (*t* = 6.6417, *p* \< 0.0001) from patients with CRS when compared with controls (10.4 ± 3.15). Although SP-A mRNA was decreased in patients with PAR (15.6 ± 6.25) when compared with controls (10.4 ± 3.15), this decrease was statistically significant (*t* = 3.8778, *p* = 0.0003).

Discussion
==========

SP-A plays an integral part in the innate defense system. SP-A expression and function are altered in a variety of inflammatory and infectious diseases. However, the presence of SP-A in the human paranasal sinus mucosa is not well known.[@JR0220or-7]

There are few previous studies investigating surfactant and SP in the upper airway.[@JR0220or-10] The presence of lamellar bodies and SP-A, -B, and -D have been described in the porcine eustachian tube, indicating that a surfactant-like system is present outside the pulmonary system.[@JR0220or-11] Woodworth et al demonstrated the presence of lamellar bodies, SP, and mRNA in both diseased and normal human sinus tissue and reported that SP-A and SP-D immunolocalized to the sinonasal epithelium and submucosal gland secretory ducts.[@JR0220or-12] The discovery of surfactant production and secretion in sinonasal mucosa indicates that initial contact and interaction between pathogens and SPs occurs after inhalation and deposition into the mucus of the upper respiratory tract.

This study characterizes the differential expression of SP-A in the nasal mucosal samples of patients with CRS using immunohistochemical staining and quantitative PCR. By immunohistochemistry, we detected strong SP-A staining in the epithelial cells and lumen of the submucosal glands in the CRS patients. Also SP-A mRNA increased significantly in CRS patients and decreased significantly in patients with PAR.

Strong SP-A staining in the epithelial cells and lumen of the submucosal glands in the CRS could be explained on the basis of the different histologic findings present in normal mucosa and CRS mucosa, because SP production mostly occurs in submucosal glandular pathways and these patients exhibit glandular hyperplasia. This hyperplasia is more pronounced in patients with CRS. This may have contributed more mRNA transcripts due to a relative abundance of these cell types. In agreement, Woodworth et al reported a significant elevation of SP-A and -D in patients with CRS associated with cystic fibrosis.[@JR0220or-6] In the sinonasal tissue of rabbits with acute bacterial sinusitis (inflammation but not allergy), SP-A was more prevalent than in pathogen-free animals.[@JR0220or-3]

The SP-A protein levels were significantly reduced compared with controls in PAR patients. A possible explanation is that absence of significant SP-A gene up-regulation and depletion of SP-A protein reserves in the presence of atrophic changes of the submucosal glands and mucosa. This is in agreement with the results obtained by Sayed et al, who had demonstrated a significant decrease in phospholipid and surfactant concentrations in the cases with PAR compared with normal cases.[@JR0220or-13]

Several theories tried to explain the etiology of PAR. Infection, one of the theories, can affect the surfactant system leading to surfactant deficiency through several mechanisms including inflammatory cytokines produced in response to sepsis inhibiting the synthesis of surfactant.[@JR0220or-14] Activated neutrophils are capable of cleaving SP-A and impairing surfactant function.[@JR0220or-15] Sayed et al reported that abnormal surfactant function in the larger airways might be expected to decrease the efficiency of mucociliary clearance and also adversely lead to stasis of mucus.[@JR0220or-13]

In addition, surfactant deficiency will impair opsonization and phagocytosis of bacteria by macrophages, thus favoring bacterial multiplication and leukocyte infiltration. Due to a lack of the opsonizing effect (due to decreased concentration of secretory IgA and surfactant deficiency), the leukocytes cannot phagocytose and destroy the bacteria with continuous production of proteolytic enzymes in the secretion, which are probably harmful to the mucous membrane, as it is known that inhalation of proteolytic enzymes produces emphysema in animals. Our results support the previously reported concept that SP has an important function in immunologic process of the nasal mucosa.[@JR0220or-7]

The therapeutic potential of correcting abnormalities in SPs has already been demonstrated in the lower airways. The correction of SP-D deficiencies with topical SP-D reverses emphysema, pulmonary lipidosis, and macrophage infiltrations in diseased mice.[@JR0220or-15] Gesche et al found that human (rh) KGF, betamethasone, or their combination treatment increased secreted surfactant phosphatidylcholines in neonatal rats with lung injuries.[@JR0220or-16] Furthermore, topical SP-A and SP-D decreased IgE and eosinophilia in mouse models of allergic bronchopulmonary aspergillosis.[@JR0220or-17] Because allergic bronchopulmonary aspergillosis is very similar to allergic fungal rhinosinusitis and can be considered its counterpart in the lower airway, this could lead to future therapeutic options for difficult to treat sinus disease, as Tan et al found that the surfactant does not appear to elicit cellular toxicity using an in vitro explant model.[@JR0220or-18]

Conclusion
==========

This study characterized the detection and expression of SP-A in human sinus mucosa. SP-A is significantly increased in CRS and decreased in PAR and appears to be expressed by respiratory epithelial cells and submucosal glandular elements of the sinonasal mucosa. Further characterization of this specialized protein is warranted considering the potential therapeutic applications of surfactant in the enhancement of mucociliary clearance.
